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EFFECTS OF THREE TYPES OF BLUNT TRATLING EDGES ON THE AERODYNAMIC R
CHARACTERISTICS OF A PLANE TAPERED WING OF ASPECT RATIO 3.1,
WITH A 3-PERCENT-THICK BICONVEX SECTION

By Dusne W. Dugen
SUMMARY

Effects of wing trailing-edge bluntness upon the aerodynamic
characteristics of a wing-body combination have been experimentally
investigated at Mach numbers ranging from 0,6 to 0.925 and from 1.2
to 1.7 for Reynolds numbers of 1.5 and 3.8 million. Modifications were
made to the rear half of a basic plane tapered wing of aspect ratio 3.1
having a 3-percent-thick, circular-src, biconvex section. Three types
of trailing-edge shapes were used; namely, (1) constant thickness aft
of midchord, with zero boattail angle; (25 constant thlckness from mid-
chord to seven-eights chord followed by constant slope to one-half maxi-
mum airfoll thickness at trailing edge, with boattail angle equal to
trailing-edge angle of basic wing; and (3) one-half maximum thickness -
at trailing edge faired by means of a tangent to the biconvex surface,
with boattail angle of 2°.

Results of the investigation show that employment of blunt trailing

edges reduced or eliminated unstable pitching-moment characteristics

exhibited by the baslic wing-body combination at low 1lift coefficients and
subsonic speeds. In partlcular, at the supercritical Mach numbers 0.9 . _ o
and 0.925, neutral or slightly positive static longitudinal stability of '
the wing-body configuration was attained by using trailing-edge bluntness.
Increases in lift-curve slope measured through zero 1ift were also ' . -
obtained, although at the cost of increased minimum drag and decreased o _
meximum lift-drag ratios. o )

Comparison of the aerodynamic characteristics of the three
modlfied wing-body combinations indicates that for the given basic wing
the trailing-edge thickness which gives the most improvement in pitching-
moment characteristics with the least decrease in maximum lift-drag ratio
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in the subsonic speed range 1s less than one-half maximm airfoil thick-
ness, and that utilization of a large boasttail engle i1s undesirable.

INTRODUCTION

Previous experimental investigation of the serodynamic characteris-
tics of a wing-body combination employing a plane tapered wing of aspect
ratio 3.1 with a 3-percent-thick, circular-arc, biconvex section (refer-
ence 1) has shown undesirable pltching-moment characteristics near zero
11t in the subsonic Mach number range, particularly for the super-
critical Mach numbers 0.9 and 0.925. (The critieal Msch number for this
wing is approximately 0.83.) The phenomens were believed to be due to
significant changes in chordwise loadings caused by the influence of the
terminal shock wave., Results of investigations of alrfoils at high sub-
sonic speeds (references 2 and 3) demonstrated the achievement of more
satisfactory pltching moments through changes to the airfoil thickness -
distribution which moved the point of maximum thickness rearward, thereby
conflining the adverse lnfluence of the terminal shock wave to a smaller
portion of the airfoil. In addition, it has been pointed out in refer-
ence 4 that advanteges, including greater lift-curve slope, lower profile
drag, and desirable structural features, are possible at supersonic Mach
pumbers with blunt trailing-edge ailrfoils. Consideration of such
evidence led to the present investigation of the effects of trailing-
edge bluntness on the aerodynamic properties of the 3I-percent-thick
blconvex-profile wing of reference 1. '

In this investigation, no attempt was made to compare aserodynamic
characteristics of the various wings on the basis of equivalent struc-
tural characteristics. Therefore, the term "optimum thicknéss” as used
in the present report is based solely on the aerodynamic characteristics
of a given 3-percent-thick wing modified to obtain various tralling-edge
shapes and thicknesses without regard to the structural strengths which
differed from one modification to the other. Furthermore, because of the
small . thickness ratio of the wing and the range of Mach numbers of this .
investigation, and because the modifications to the basic wing did not
reduce maximum thickness nor include changes in the profile forward of
the midchord, no reduction in minimm drag at supersonic speeds was
anticipated for the blunt trailing-edge wings.

NOTATION

b wing span, feet

[ mean aerodynamic chord
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local wing chord, feet

length of body, including portiorn removed to accommodate
sting, inches

lift-drag ratio

maximm l1ift-drag ratio

free-stream Mach number

free -stream static pressure, pounds per square foot

pressure at base of blunt trailing-edge wings, pounds per
square foot

‘wing base-pressure coefficient

free-stream dynamic pressure, pounds per square foot
Reynolds number based on the mean aerodynamic chord, &
radius of body, inches ‘
meximum body radius, inches

total wing area, including area formed by extending leading
and trailing edges to plane of symmetry, square feet

longitudinal distance from nose of body, inches
dilstance perpendicular to plane of symmetry, feet
angle of attack of body axis, degrees

drag coefficlent ( d%)

1ift coefficient < l—i%t
@

pitching-moment coefflcient referred to quarter point of
mean aerodynamic chord < PitChing-moment>
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— ;lope of 11ft curve measured at zero 1lift, per degree

— slope of pitching-moment curve measu:zfed at zero 1ift

APPARATUS

Wind Tunnel and Equipment

The experimental investigation was conducted in the Ames 6- by -
6-foot supersonic wind tunnel. In this wind tunnel the Mach number can
be varied continuously and the stagnatlon pressure can be regulated to
maintain a given test Reynolds nymber. The alr 1ls dried to prevent the
formation of condensation shocks. Further information 1s presented in
reference 5. ' '

The model was sting mounted in the tunnel, the diameter of the
sting being about 82 percent of the diameter of the body base. A
balance mounted on the sting support and enclosed within the body of
the model was used to measure the aerodynamic forces and moments on
the model, The balance was the 1l--inch, four-component, strain-gage
balance described in reference 6. .

Models

A plan and a front view of the models and certain model dimensions
are given in figure 1. The biconvex profile and the three trailing-edge
modifications are illustrated in figure 2. The basic wing of circular-
arc biconvex section (wing 1) was constructed of solid steel, and was
modifled by adding bismuth-tin alloy aft of the midchord points to obtain
wings 2, 3, and 4, Wing 2 has constant thickness from midchord to
tralling edge; wing 3 has constant thickness from midchord to the
87.5~percent chord point, followed by constant slope to one-half the
maximum thickness at the trailing edge, with & boattail angle of 6.88°
(same as included trailing-edge angle of wing 1); wing % has a trailing-
edge thickness equal to that of wing 3, but employs a constant slope
from trailing edge to a point of tangency on the biconvex surface with
& boattail angle of 2.02°. The body spar was also of steel and was
covered with aluminum to form the body contours. The surfaces of the
body and wings were polished smooth. Other important geometric charac~
terlstics of the models are tabulated as follows:
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Wings

Aspectratio.coooccoo.oooo-co.o-a...'j..3.l
T&perratio......-...................0.39
Airfoil section (streamwise) . . 3-percent thick circular-arc biconvex
Included angle &t nose, GEETEEE o« « « « « o o « = o o o + o« » « 6.88
Boattall angle, degrees

winga........0.‘....'..'..5...'....0

wing3.....‘..0'C.Ol‘....t......'. 6.88

Wj-ngl"oooocGQQ-QOloaudolaooo.t-o..2002
Total area S, BQUATE FEEL + & « o o « « « o o o o o o o o o « « 2,425
Mean aserodynemic chord G, FE€t « « « « o « o o ¢« o o o o « o o 0,94k
Dihedral, de@r@EE ¢ « « o s o o o s o o s o s s o o o s s o o o o« ¢ 0
Camber...-....-.............-......None
Twist, AeZrees8 . ¢ « o « o o o o « ¢ o ¢ s ¢« s o o 85 ¢« o o ¢ s ¢ 0 0
Sweepback of 25-percent-chord station, degrees . « « « o o - » o 114
Incidence, degreesS . « o o o o« o« « ¢ o o ¢ s s ¢ o o s o o 0 o ¢ o 0
Distance, wing-chord plane to body axis, feet . ¢« ¢ ¢« ¢ ¢« ¢« o o o « O

Body

Fineness ratio (based upon length 1, £ig. 1) « o o ¢ o o o o « o« 125
Cross-sectlon sha&Pe .« o« o« o ¢ ¢« o ¢ o o ¢ s s« s s o o o o« o Clrcular
Maximum cross-sectional area, square feet . « ¢« ¢ ¢ o o« o & o 0.1235
Ratio of maximim cross-sectional area to wing area . « « « « « 0.0509

TESTS AND PROCEDURE

The aerodynamic characteristics of the models with wings 2, 3, and y
(as a function of angle of attack) were investigated for & range of Mach
numbers from 0.6 to 0.925 and from 1.2 to 1.7, and Reynolds numbers
of 1.5 and 3.8 million. Data for the model with wing 1 were obtained
from reference 1 for comparison. In a few lnstances, as noted in the
figures, data for a Reynolds number of 1.5 million were not obtalned for
wing 1; the substitution of data obtained at a Reynolds number of 2.4 mil-
lion did not invalidate comparison with the modified wings, inasmuch as
no appreciable difference could be observed between the data obtained for
wing 1 at R=l.5 million and those obtained at R=2.4 million in the Mach
number range concerned.

In addition to force measurements, wing base-pressure measurements
were made by means of & static orifice instslled in the trailing edge of
each of the modified wings at approximately the 50-percent-semispan
position of the right-hand wing peanel.

——
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Reduetion of Data

The test date have been reduced to standard NACA coefficilent form.
Factors which could affect the accuracy of these results and the correc-
tilons applied are dlscussed in the followlng paragraphs.

Tunnel -wall interference.~- Corrections to the subsonic results for
effects of the tunnel walls resulting from 1ift on the model were made
sccording to the methods of reference 7. The numeriecal values of these
corrections (which were added to the uncorrected data) were:

ACp = 0.0100 Cr2

No correctione were made to the pitching-moment coefficilents.

The effects of constrictlon of the flow at subsonic speeds by the
tunnel walls were teken into account by the method of reference 8. This
correction was calculated for conditions at zero angle of attack and was
applied throughout the angle-of-attack rangé. At a Mach number of 0.925,
this correction amounted to a 3-percent increase in the Mach number over
that determined from a calibration of the wind tunnel without a model in
place,

For the tests at supersonic speeds, the reflection from the tunnel
walls of the Mach wave origlnating at the nose of the body dld not cross _
the model. No corrections were required, therefore, for tunnel-wall -
effects. .

Stream variations.- Tests at subsonic speeds in the 6~ by 6-Foot
supersonic wind tunnel of the present symmetrical models in both the
normal and the inverted ppsitions have indicated no stream curvature or
inclination in the pitch plene of the model. No measurements have been
made, however, of the stream curvature in the 'yaw plane. At subsonic
speeds, the longitudinal variation of static pressure in the region of
the model i1s not known accurately at present, but a preliminary survey
has indicated that it is less than 2 percent of the dynamic pressure.
No correction for this effect was made.

A survey of the air stream at supersonic speeds (reference 5) has
shown stream curvature and stream inclinstion only in the yaw plane of
the model. The effects of this curveture and inclination on the )
measured characteristics of the present models are not known, but are o
Judged to be small according to the results.'of reference 9. The survey
also indicated that there is a static-pressure varilation in the test 2 i
section of sufficient magnitude to affect the drag results. A correction e

e
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was added to the measured drag coefficient, therefore, to account for
the longitudinal buoyancy caused by this statlc-pressure variation.
This correction varied from as much as -0.00Q7 at & Mach number of 1.3
to +0.0006 at a Mach number of 1.7.

Support interference.- At subsonlc speeds, the- effects of support
interference on the aerodynamic characteristics of the models are not
known. For the present tailless models, it is believed that such effects
consisted primarily of a change in the pressure at the base of the model
fuselage. In an effort t6 correct at least partially for this support
Interference, the base pressure of the model fuselage was measured and
the drag data were adjusted to correspond to a base pressure equal to
the static pressure of the free stream. These corrections were of the
order of 2 percent of the measured drag at zero 1ift. '

At supersonic speeds, the effects of support Interference of a
body-sting configuration similar’ to that of the present models are Ehown
by reference 10 to be confined to & change in base pressure. The pre-
viously mentioned adjustment of the drag for base pressure, therefore,
was applied at supersonic speeds. The corrections in these cases ranged,
in general, from 6 percent of the measured drag at zero 1ift at M = 1.2
to 15 percent at M = 1.7. The corrected drag, consequently, is forebody
drag.

RESULTS AND DISCUSSION

Figure 3 shows typical basic-data plots of serodynsmic characteris-
tics obtained in this investigation for wing 4. Because of the slight
asymmetry in the drag polers near zero 1lift for the lower Mach numbers,
the values of drag at positive 1lift were used in subsequent figures.
Subsequent figures do not, in general, show test points in order that
comparisons may be made more clearly in respect to the various proper-
ties of the four wings. A comparison of the aerodynamic characteristics
of the four wings 1s presented in figures 4, 5, 6, and 7. In figure 8,
the wing base-pressure coefficients of the modified wings are compared
at several subsonic and supersonic Mach numbers. Figure 9 shows the
variation of lift-curve slope measured through zero 1lift with Mach
nunber for each wing. The effect of Mach number upon lift at several
angles of attack is given in figure 10; the same 1s done for drag in
figure 11, and for pitching moment in figuwre 12.

Lift Characteristics

Appreciable increases in lift-curve slope measured at zero 1lift
(fig. 9) in the ranges of Mach nqmbers investigated were obtalned by

[ A IS Y
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substituting blunt trailing edges for the closed trailing edge of the
basic wing (wing 1), particularly at the supercritical Mach numbers 0.9
and 0.925. This is attributed to reduction-of separation at all speéds
tested and to the additional reduction of the adverse effects of the
terminal shock at the supercritical speeds through the rearward shift of
the shock. Of the three types of blunt tralling edges tested, that
represented by wing 4, which has & final trailing-edge thickness of one-
half maximum airfoil thickness faired by means of a fangent to the
biconvex surface, demonstrated the most satisfactory lifting properties
in regard to lift-curve slope and variation of 1ift with Mach number.
This suggests the desirsbility of using the smallest possible boattall
angle in attaining thé final trailing-edge thickness which the results
indicate should be less than maximum section thickness.

Figures 9 and 10 show a marked scale effect on the 1lift characteris-
tics of wing 1 at angles of attack less than 4° 1in the subsonic, super-
eritical speed range, an effect not observed for the modified wings. The
decrease of lift-curve slope measured through zero 1ift for wing 1 at the
higher subsonic speeds and lower Reynolds number indicates that a combina-
tion of boundary-layer and terminal-shock effects causes loss of 1lift.
Increasing the Reynolds number to 3.8 million, or shifting the position
of the terminal shock rearward by changing the thickness distribution to
that of wing 2, 3, or 4, reduces the effects of separation and of recom-
pression, resulting in more 1lift at small angles of attack. That the
same effect 1s not observed at somewhat larger angles (as at a = 49) is
attributed to the change in the nature of the flow at these angles
(fig. 10(a)). As first described in reference 3, an expansion at super=
sonic speeds around the sharp leading edge redirects the air to the
surface of the wing, at which point an oblique shock turns the flow so
that it follows the contour of the surface, with the result that separa-
tion is eliminated over a considerable distance aft of the leading edge..

Pitching-Moment Characteristics

Improvement of the pliching-moment characteristics of the basic
wing by employing blunt trailing edges of the types represented by
wings 2 and 4 is apparent in figure 5, particularly at the two highest
subsonic Mach numbers and lower Reynolds number. Wing 3 produces
pltching-moment properties generally less satisfactory in respect to
static longitudinal stability than those of the basic wing at 1.5 million
Reynolds nimber and lower subsonic Mach numbers; at the higher Reynolds T
nunber, these characteristics are slightly superior to those of wing 1
at subsonic speeds, but remsin less desirable than those of the other
two modified wings. At supersonic Mach numbers, the influence of :
trailing-edge thickness in determining pitching-moment characteristics
is slight. R o . . . S
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The mitigation of Mach number effects upon pitching-moment through
the use of blunt trailing edges 1s shown in figure. 12 where the variation
of pitching moment with Mach number at several angles of attack is pre-
sented for each of the four wings. Wings 2 and L appear superior in this
respect whereas wing 3 does not. (The trailling-edge thickness of wing 3
is the same as that of wing 4, but the boattail angle of the former is
more than three times that of the latter.) The data indicate that the
use of full bluntness 1s scarcely more advantageous than that of half
bluntness as typified by wing 4t in reducing the Mach number effects
Just discussed.

The aberrant variations of pitching moment with 1ift of wings 1
and 3 in the subsonic speed range at the lower Reynolds nmumber, in
contrast to the more consistent trends at the higher dynemic scale, &s
shown by figure 5, merit a brief dilscussion.

In the case of the basic wing (wing 1), the rapid increase in posi-
tive pitching moment at small 1ift coefficients at the supercritical
Mach numbers 0.9 and 0.925 and the lower Reynolds number can be explained
as follows: Assume that at zero 1ift laminar flow exlists over both upper
and lower surfaces of the wing, but that transition to turbulent boundary-
layer flow occurs shead of the terminal shock on the upper surface at
small angles of attack due to the pressure pesk in the vieinity of the
sharp leading edge. The pressure dlstribution over the upper surface,
then, would resemble that obtained experimentally at supercritical
speeds on & circular-arc airfoil with turbulent boundary layer, whereas
the pressure distribution over the lower surface would be similar to
that obtalned with laminar flow in the boundary layer. Such pressure
distributions are presented in reference 11 for a biconvex airfoil at o°
incidence, and show that the terminal shock wave produces a greater
pressure rise in & shorter chordwise dlstance in the presence of a tur-
bulent boundary layer than in the presence of a laminar boundary layer.
This, then, would account for the development of negative 1lift over the
rear of wing 1 at supercritical speeds and the lower Reynolds number,
and explain both the increased positive pitching moment (fig. 5(a)), and
the decrease in lift-curve slope (fig. 9(a)). Exasmples of such pressure
distributions over an alrfoll identical to that of wing 1 can be seen
for angles of attack of 2° and 4° in reference 3.

At the higher Reynolds number of 3.8 million, it can be deduced
from the data for wing 1 that turbulent boundary-layer flow occurs over
the lower as well as the upper surface at small angles of attack, with
the result that the negative 1ift described sbove is largely reduced or
eliminated. |

The pitching-moment characteristics of wing 3 at 1lift coeffilcients

near zero for supercritical speeds at the lower Reynolds number are
contrary to those of wing 1 (fig. 5), and thus require a different
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explanation. A clue to the paradox is given by the discontinuity in the
vrofile of wing 3. In this wing, the upper and lower surfaces aft of

the midchord point continue parsllel to the chord plane as far rearward
as the 87.5-percent-chord position, at which point they change direction
by an angle of 3.hh°. Such a profile is conducive to separation behind
the discontinulty at low Reynolds numbers. That separated flow does ’
Prevall over both surfaces at the rear of wing 3, not only at zero lift
but also at small angles of attack, in the suberitical speed range is _
indicated by the more positive piltching moments of this wing compared to
those of wings 1, 2, and 4. However, as supercritical speeds are attained,
the supersonic expansion around the discontinulty on the upper surface is
probably of sufficient degree to reattach the flow there and produce
greatly reduced pressures at even small angles of attack, as study of

the data and schlieren observations of reference 3 indicates. The lower
velocities on the lower surface of the wing at small angles of attack
preclude the possibility of as complete reattachment, with the result
that more positive 1ift is developed over the rear of the wing at super-
critical speeds than at lower subsonic speeds. Such a phenomenon would
explain both the rapid lncrease of 1ift and of diving moment with the
advent of supercritical speeds at the lower Reynolds number shown by the
data presented in figures 10(a) and 12(a), respectively.

At the higher Reynolds number, the flow over the upper rear surface
of wing 3 would not be expected to differ significantly from that at the
lower Reynolde number; on the other hand, the extent of the separation
on the lower surface aft of the discontinuity would be expected to be
largely reduced. The tendency in this event would be toward less 1ift
and & decrease in diving moment. Comparison of the 1ift and the pitching
moments of wing 3 at the two Reynolds numbers (figs. 10 and 12, respec-
tively) shows this to be the case.

. In view of the scale effects noted for wings 1 and 3 in the super-
critical range of spéeds, the limitations to the direct application of
these wings, say to missile design where the dimensions are comparsble
to those of the models here Investigated, are obvious. The test condi-
tions at the two supercritical Mach numbers 0.9 ‘'and 0.925, and at the
lower Reynolds number of 1.5 million are equivalent to flight of the
test models at these same values of the parameters at approximately
40,000 feet above sea level. Wings 2 and 4 would not offer the same
drastic problem of control at small 1ift coefficients in the subsonic
supercritical speed range. i

- Drag Characteristics

As could be expected, the minimum drag of each of the blunt trailing-
edge wings was consldersbly greater than that of the basic wing, both at
subsonic and supersonic speeds. For wing 2 the drag increments were

SHNNEDRNETAL.



NACA RM AS2E01 T RN 11

three to four times as large as for wing 4 at zero lift and at small
angles of attack (fig. 11); in general, the drag of wing 3 resembled
that of wing L except at supersonic speeds and the higher Reynolds
number where the drag of wing 3 exceeded that of wing 2 in the higher
Mach number range (fig. 11(b)).

The influence of the tralling-edge shapes of the modified wings in
creating additional drag through the development of lower base pressures

is shown in a qualitative way in figure 8. The decrease of base pressure

coefficient with increasing supersonic Mach number shown in figure 8 is
reflected in the diminishing difference between the drag coefficients of
the modified wings and those of the basic wing as the Mach number
increases beyornd 1.2 (fig. 11). The phenomenon of decreasing base pres-
sure coefficients with increasing angle of attack near zero, shown for
wing 2 in figure 8 for subsonic speeds, serves to explain the unusual
shape of the drag-polar curves of that wing near zero 1lift (fig.6).

Figure 6 shows that the increase of drag with 1ift is lower for the
modified wings than for the basic wing, as could be deduced from noting
the greater lift-curve slopes of the former. At 1lift coefficients of
the order of 0.5, the drag coefficients of the blunt-tralling-edge wings
are generally lower than that of the basic wing.

Maximum Lift-Drag Ratio

Figure T shows the relative magnitude of the maximum lift-drag
ratios of the four wings for subsonic and supersonic Mach numbers. It
is uncertain just how much of the difference observed between the values
of the ratios at the two Reynolds numbers is due to scale effect and how
much is due to the lack of complete definitiveness in the fairing of the
Individual 1ift-dreg curves near the maximum values. The advantage of,
using less than full bluntness is obvious in respect to the achilevement
of the largest possible lift-drag ratios. The data indicate some slight
superiority of wing U4 over wing 3 in comparing thelr respective 1lift-
drag values.

At the highest Mach number of the present investigation (M = 1.7),
there is an indication that at least for wings 3 and 4 the values of
meximum L/D are increasing with further increase in Mach number; from
reference 1, wing 1 showed no such tendency up to a Mach number of 1.9
and a Reynolds number of 2.4 million. This increase in (L/D)pay 1s
no doubt associated with the decrease in base drag with increasing
supersonic Mach number shown in figure 8. It is possible that at Mach
numbers higher than 1.7 the order of the values of (L/D)max for the

Rt it
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nonblunt and for the modifled wings might be reversed. Further investi-
gation at higher Mach numbers than here presented 1s required before
definite conclusiong can be reached.

CONCLUDING REMARKS

From the data obtained in this investigation of the effects of
blunt trailing edges upon the aerodynamic characteristics of a plane
tepered wing having & 3-percent-thick, cilrcular-arc, bilconvex section,
it has been found that unstable pitching-moment characteristics
exhlibited by the above wing at small 1ift coefficients in the subsonic
renge of speeds considered caen be reduced or eliminated., This was
accomplished (at the cost of increased drag snd lower maximum 1ift-drag
ratios) by the employment of trailing edges heving thicknesses equal to
the maximum and one-half the maximum thickness of the wing. Increases
in lift-curve slope measured through zeroc 1ift also resulted for all
Mach numbers investigated (0.6-to 0,925, and 1.2 to 1.7) when the origi-
nal wing was modified by bluntness at the trailing edge.

Comparison of the effects of full bluntness on the one hand, and
of half bluntness on the other, upon pliching moment, lift-curve slope,
and upon drag indlcates that the optimum thickness for the blunt trailing
edge, disregarding structural considerations, is something less than one-
helf the maximum thickness for the type of wing here considered. Tests of
a rectangular wing of aspect ratio 4 with a L-percent-thick circular-arc
blconvex section modified in the same manner as wing 4 of this present
Investigation (reference 12) show that employment of a trailing-edge
thickness 0.3 that of the maximum airfoil thickness gave no increase in
minimum drag over that of the basic wing. This phenomenon, in conjunction
with a greater lift-curve slope, produced & somewhat higher value of maxi-
mmm lift-drag ratio in the subsonic speed range. The 1mprovement in
pitching-moment characteristics was comparable to that obtained with
trailling-edge thicknesses 0.6 and 1.0 times the maximum sirfoil thickness.
Need for further investigation of the effects of trailing-edge thickness
upon aerodynamic characteristics is indicated.

The faliring of the trailing-edge thickness to the clrculer-arc
profile by means of a stralght line tangent to the curved surface
appears to be superlor to the inclusion of a discontinuity in slope in
the profile.

Data obtalned in this investigation indicate that the maximum 1ift-
drag ratios for the blunt-trailing-edge wings are increasing in value
with increasing Mach number in the neighborhood of M = 1.7. Testing at
speeds higher than this appears desirable to investigate this trend.

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Moffett Fileld, Calif.
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Angle of attack, a, degrees

(b) Reynolds number, 3.8 million,
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Drag coefficient, G,
(b) Reynolds number, 3.8 million.
Figure 6.— Concluded.

1.0
K-S — -
o i V. d
[0
6 /“’4,/‘/ /‘/ 2 /(
L~
4 /]
/i /7 / Z
ol .2 ‘r I/ '/7 f] / f/ f /e
t S (i [ BNHN
4§ o l
i il \
4 § - 21N ) ! \‘.\\ e Ah] N
R VEYA VEVR\A AN
SR WA WA ER —Jr\ A —-ﬁ\‘ N b
o N\ N \\ \\_ i NL7
o7 \\\ 0.925 N 1.4 Wing | <> v
"6 M=0.6 N Nos o ' e ) TTT
y 075408 . Wing 3 <= o S
-8 | | | Winga < "5 — = =v.
0 04 08 iz U6 20 24 28 .32 For M=0.6

g9c

TOHSGY WY YOWVN



Maximum lift-drag ratio, (L )uex

N

RS

S

’,\‘f/ Wing | ~____——>
/ Wing 4 < |
7 _
V" J Wing 3 <>

L~
2l IS g AN Wing 4 <1 —
A L/
///::\--E'_\,_ Z
Wing | <= > / //' \\_._: //
“ o -
Wing 3 < A/ 1A Sl
/
y
Wing 2 < ___ 7] / /|

R=15 x10¢

R=38 x10% ----

2 4 .6 8 10 L2 1.4 16 18 20 22

Mach number M |

Figure 7.— Variation of maximum [liff-drag ratio with Mach number,
wings |, 2, 3, and 4.

TOESCY WY VOVN

12



QN AO0D®IN

-~
8-

Nominal angle of attack, @, de_érees
N
Q

QN A

Figure 8.- Gomparison of wing base pressure coefficienfs for three ftypes of tralling -edge bluniness.

~
N

M=0.6 M=0.8
/
L rd / Jl‘
A ==
¥ /A 1t
i THA N
I VN \l ]
i \ N . 1
; REL n !
Iy ) N 1
l‘: o ' >:- ~ : ™~ ~1
0 -2 -4 -6 -8 0 =2 -4 -6 -8 0 -2 -4 -6 -8
M=0.9 ' M=0925 M=1.2,14, 17
Wing 2 <) ———— 1,7 14
Wing 3 <:-___—_D mw- o \\l ,4
Wing 4 ‘:::; _____ . ¥ , [
, ! _
LN Vb2
HIN R %
4 1
‘K‘ . ] { A \ oy
y NS N
! \;;:. ) \‘.\';\':':\ M | A / ‘ﬂ
e -2 -4 -6 -8 o -2 -4 -6 -8 0 -2 -4 -6 -8
Pressure  coefficient, (B-F)/q NACA

(a) Reynolds number, 1.5 million.

ge

e S

g
i
Z
&
&
2




M=0.6 M=0.7 M=0.8
S /4
§12
- ; 7
(\ 1, ,
¥ g " S TTN
~ \ \ i
S T TS T J
L 2 \ N "‘. {
:: - |\__ ™~ ‘\n\_._ \\
O 0 - B Y .
o -2 -4 -6 -8 0O ~2 -4 -6 -8 0 =2 -4 -6 -8
S M=0.9 M=0.925 M=1.2, 1.4,1.7
"?;14 Wing 2 <] —— ——
< Wing3 =< "3 —————w_
% /2 Wing 4 <5 —a— -
~ 10
3, |
=
14
5 e ’ .7 A T | peri2
4 — LR
2| = X Nl |
TN TN T
0 o \ . | h 4
0 -2 -4 -6 -8 o0 -2 -4 -6 -8 o -2 -4 -6 -8

Pressure coefficient, (,g-% }7¢q
(b) Reynolds number, 3.8 million.
Figure 8.-Concluded.

2
[P
2]
2
o
Ul
B
o
|—l

62



, C.L=0, per deg.

5,

Lift-curve slope g—,%’-, C, =0, per deg.

prarecie e NACA RM A5S2EOQL

i TR N S ey iaeie

Lift -curve slope

N/
!
10 g
09 }l'
V4
3.08 "/
- 4 \\
/) 4 N
o7 C R
Sh
06 AN
AN
.05 :
04 :
4 .6 g . 10 1.2 /4 rt6 8 2.0
Mach number
(a) Reynolds number, 15 million.
10
/
.09 {
/
.08 AL
'/j' A\,
.07 \\\
P \ R
| N
NN
.06 NG
Wing | < ___%r T \
.05 Wing 2 —_———— | N
Wing 3 <. —r—mmS NACA -
oqtnet ——= " Lo

4 .6 8 L0 12 /4 16 |8 2.0
Mach number
(b) Reynolds number, 3.8 million.

Figure 9. \Variation of lift-curve slope with Mach
number, wings 1, 2, 3,and 4.

o R et e



Lift coefficient, C,
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